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Uvod: Dugogodišnji razvoj Cerec®3D CAD/CAM sistema implemen-
tirao je u praktičnu upoterbu jednu intraoralnu i dve ekstraoralne 
metode optičkog skeniranja. 
Cilj: Cilj rada je bio da se utvrdi stepen preciznosti keramičkih kruna 
izrađenih primenom različitih tehnika optičkog skeniranja Cerec®3D 
sistema. 
Materijal i metod: Ispitivanje je sprovedeno u okviru tri eksperimen-
talne grupe kruna u čijoj izradi su primenjeni različiti postupci ske-
niranja Cerec®3D sistema. Metalokeramičke krune izrađene konven-
cionalnom metodologijom predstavljale su kontrolnu grupu. Preciznost 
kruna ispitivana je merenjem veličine marginalnog zjapa između ruba 
krune i demarkacije preparacije pomoću skenirajućeg elektronskog mi-
kroskopa (SEM).
Rezultati: Rezultati istraživanja pokazuju da postoji razlika u pre-
ciznosti kruna izrađenih primenom različitih metoda skeniranja 
Cerec®3D sistema. Najviši stepen preciznosti (31,64±9,45µ) zabeležen 
je kod kruna u čijoj izradi je primenjena tehnika optičkog ekstraoralnog 
površinskog skeniranja, nešto niži stepen preciznosti (50,27±31,50µ) 
imale su krune izrađene tehnikom intraoralnog optičkog površinskog 
skeniranja. Krune izrađene primenom tehnike ekstraoralnog tačkastog 
skeniranja imale su stepen preciznosti od 102,58±31,23µ. 
Zaključak: Krune izrađene primenom optičkih metoda skeniranja 
Cerec 3D sistema pokazuju visok i klinički prihvatljiv stepen preciznosti.










Introduction: The results of many years technological development of 
Cerec® 3D CAD/CAM system, is implementation one intraoral and two 
extraoral optical scanning methods. 
 Aim: The aim of this study was to determine the precission of ceramic 
crowns made by optical scanning methods of Cerec®3D system .
 Methods: The study was conducted in three experimental groups of ce-
ramic crowns in whose manufacturing was applied three optical scan-
ning methods of Cerec®3D system. Control group consisted of metal-
ceramic crowns made by conventional metodology. The accuracy of 
ceramic crowns was examined by measuring of the marginal gap size 
between edge of crowns and demarcation  by scanning electron micro-
scope (SEM). 
Results: The research found, that there is a difference in the accu-
racy of ceramic crowns made by Cerec®3D system. The highest level 
of accuracy was recorded in the group of crowns made by technique 
extraoral optical superficial scanning (31,64±9,45µ). Marginal gap 
size crowns made with technique intraoral optical superficial scanning 
showed a lower level of accuracy (50,27±31,50µ). Value of marginal 
gap size crowns made by technique extraoral laser point scanning was 
102,58+31,23µ. 
Conclusion: Ceramic crowns made by Cerec®3D optical scanners 
show a high and clinically acceptable precision level. 















faze	 konvencionalnih	 i	 CAD/CAM	 po-
stupaka	 izrade	 fiksnih	 zubnih	 nadoknada	 nisu	
apsolutno	precizne.	U	„lancu”	konvencionalne	
izrade	 fiksnih	 nadoknada	 tri	 najslabije	 karike	
koje	 utiču	 na	 njihovu	 preciznost	 su:	 postupak	
otiskivanja,	manuelna	 izrada	 radnog	modela	 i	
nadoknade.	Analogno	pomenutoj	konstataciji	u	
dentalnoj	CAD/CAM	tehnologiji	na	preciznost	






talizacije	 preparisanog	 zuba	 zamene	 njegovo	
konvencionalno	otiskivanje.4,5
Optičko	 skeniranje,	 dugogodišnja	 prime-
na	 i	 usavršavanje	 tehničkih	 karakteristika	 su	










Sistem	 pruža	 mogućnost	 da	 virtuelno	 di-
zajniranje	 i	 	 izrada	 fiksnih	 zubnih	 nadoknada	
budu	 isti	 za	 sve	 postojeće	 tehnike	 skeniranja.	
Obzirom	 na	 pomenutu	 konstataciju	 postavlja	
se	 pitanje:„	Da	 li	 postoji	 i	 kolika	 je	 razlika	 u	
preciznosti	 fiksnih	 zubnih	 nadoknada	 izrađe-
nih	 primenom	 različitih	 postupaka	 skeniranja	
Cerec®3D	sistema?”.
Polazeći	 od	 pomenutih	 karakteristika	 defi-














ical	 and	 laboratory	 evaluation	 of	 fixed	 partial	
denture.2
Accuracy	 of	 the	 conventional	 and	 CAD/
CAM	 technology	 in	 manufacturing	 of	 fixed	
dental	restoration	are	diferent.	Precission	of	the	
conventional	 techniques	 depends	 on:	 impres-
sion	procedure,	both	manual	making	of	master	





on	 the	 precision	 of	 fixed	 dental	 restoration.3 
The	 trend	 in	 the	 development	 of	 the	 dental	
CAD/CAM	technology	is	that	various	methods	
of	 spatial	 digitalization	 replace	 conventional	
impression.4,5 
Optical	 scanning,	 long-term	 application	
and	 improvement	 of	 technical	 characteristics	
are	 some	 of	 the	 features	 by	which	Cerec®3D	
(Sirona	 Dental	 Systems,	 Bensheim	germany)	
is	distinguished.	Cerec®3D	implemented	three	
different	 scanners	 in	 practical	 use:	 intraoral	
optical	surface	scanner,	Cerec	Scan	and	InEos	
scanner.6,7	 The	 scientific	 principles	 of	 opti-
cal	scanning	within	the	Cerec®3D	system,	are	
different.	The	system	offers	 the	possibility	for	
identical	 virtual	 design	 and	 manufacturing	 of	
all	 existing	 scanning	 techniques.	 Considering	
this	 statement,	 the	 following	 question	 arises:	
„Is	there	a	difference	in	the	precision	of	ceram-
ic	crowns	made	by	different	scanning	methods	







crowns	made	 by	 optical	 scanning	methods	 of	
Cerec®3D	system.		
Materials and methods
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2.	grupa	2	-	15	keramičkih	kruna	izrađenih	
primenom	 tehnike	 ekstraoralnog	 optičkog	 po-
vršinskog	skeniranja;
3.	grupa	3	-	15	keramičkih	kruna	izrađenih	
primenom	 tehnike	 ekstraoralnog	 optičkog	 la-
serskog	tačkastog	skeniranja;
Kontrolna	 grupa	 -	 15	 metalokeramičkih	
kruna	izrađenih	konvencionalnom	metodologi-
jom	(IPS	Inline,A3,	Ivoclar	vivadent).	
U	 okviru	 istraživanja	 upotrebljeni	 su	
akrilatni	 zubi	 (DSP-model	 teeth,	 Nr.11.	
Kavo,germany),	koji	su	za	potrebe	brušenja	 i	




valo	 demarkaciju	 oblika	 stepenika	 sa	 zaoblje-
nim	 unutrašnjim	 zidom	 širine	 1.00mm,	 nagib	













grisan	 u	mašini	 za	 frezovanje	 (Cerec,	 Sirona)	
–	tehnika	ekstraoralnog	optičkog	tačkastog	ske-
niranja.
Priprema	modela	 zuba	 za	 intraoralno	 ske-
niranje	 obuhvatala	 je	 nanošenje	 tankog	 sloja	




neophodno	 je	 izlivanje	modela	 od	 gipsa.	Kao	
osnova	 za	 otiskivanje	 upotrebljeni	 su	 modeli	
koji	su	skenirani	intraoralnim	skenerom.	Otisak	
za	 izradu	 radnih	modela	 uzet	 je	 adicionim	 si-
likonima	 (A	 silicone	 impression	material-elite	












The	 control	 groups	 consisted	 of	 15	metal-
ceramic	crowns	made	by	conventional	method-
ology	(IPS	Inline,	A3,	Ivoclar	vivadent).	
Within	 the	 research,	 acryl	 teeth	were	used	
(DSP-model	 teeth,	 No.	 11	 Kavo,	 germany),	
which	for	the	needs	of	grinding	and	impression	
were	 set	 in	 an	 operating	 model	 (Kavo,	 basic	
study	model).	The	 teeth	where	prepared	 for	 a	




faces	 1	 –	 1.5	mm	 of	 tooth	 substance	was	 re-
moved.8
By	 application	 of	 this	 methodology,	 15	




The	 scanning	 of	 work	 models	 was	 per-
formed	by	three	scanners	of	the	Cerec®3D	sys-
tem:
1.	 Intraoral	 scanner	 (Cerec,	 Sirona)	 –	 in-
traoral	optical	surface	scanning	technique;












technique	 (A-silicone	 impression	 material	 -	
elite	HD+,	ZHERMACK).	The	working	mod-
els	were	 cast	 from	 plaster	 (CAM	STONE	M,	
Siladent).	The	same	plaster	model	was	scanned	
by	Cerec	Scan	and	InEos	scanner.





identični	 za	 sve	 načine	 3D	 skeniranja.	 Kom-




















Merenje	 rubnog	 zaptivanja	 vršeno	 je	 po-
moću	 skenirajućeg	 elektronskog	 mikroskopa	
JOEl	 JSM-5800-SCANNINg	 MICROSKOP,	
sa	 uveličanjem	100	 x.	Merenja	 su	 obuhvatala	
skeniranje	uzoraka	na	determinisanim	mernim	
tačkama	 i	 kvantifikaciju	 veličine	 diskrepance	
između	 krune	 i	 demarkacije	 preparacije.	 Za	
obradu	skeniranih	slika	upotrebljen	je	program	
Image	pro	40.	Statistička	analiza	dobijenih	re-







methods.	 The	 Cerec®3D	 software	 (v.	 3.10.)	
was	use	for	designing	of	the	restoration	(figure	
2).	The	luting	space	was	set	to	0µm.













The	measuring	 of	 the	marginal	 adaptation	
was	conducted	by	the	scanning	electron	micro-
scope	JOEl	JSM-5800-SCANNINg	MICRO-
SCOpE, at	 100	 x	magificatoin.	The	measure-
ments	 comprised	 the	 scanning	 of	 samples	 on	
determined	measuring	points	and	 the	quantifi-
cation	of	the	discrepancy	size	between	the	res-
toration	 and	 the	 preparation	 demarcation.	 for	
the	processing	of	the	scanned	images,	the	pro-
gram	Image	pro	40	was	used.




In	 all	 12	 points,	 the	 lowest	 values	 of	 the	
marginal	 gap	 were	 measured	 in	 the	 group	 of	
Slika 1. Radni  model sa aplikovanim prahom.
Figure 1. Powdered plaster model
Slika 2. Virtuelni radni model 







-	 prosečne	 vrednosti	 rubnog	 zaptivanja	

















Ova	 studija	 zasnovana	 je	 na	 hipotezi	 da	
postoji	 razlika	u	preciznosti	keramičkih	kruna	
izrađenih	primenom	tri	različita	metoda	skeni-
ranja	 Cerec®3D	 sistema.	 Definisanje	 ovakve	

















rapeuta	 za	 vreme	 skeniranja),	 upotreba	 praha,	










ginal	 adaptation	 on	 12	 points	 showed	 follow-
ing:
-	 in	 the	 group	 of	 extraoral	 point	 scanning	
the	 values	 of	 marginal	 gap	 were	 statistically	
considerably	 higher	 than	 the	 values	measured	
in	the	group	of	intra-	(p=0,001)		and	extraoral	
scanning	 (p=0,000),	 	 between	 the	 crowns	 of	
extraoral	point	scanning	and	control	group	not	
observed	 statistically	 significant	 difference	
(p=0,333),	(Table	2).
-	between	the	crowns	of	intra-	and	extraoral	






-	 the	 values	 of	marginal	 adaptation	 in	 the	
















In	 the	 procedure	 of	making	 of	 fixed	 tooth	
restoration	 by	 application	 of	 the	 Cerec®3D	
CAD/CAM	 system,	 many	 factors	 are	 present	
which	 influence	 their	 precision.	The	first	 seg-
ment	in	the	procedure	of	making	is	the	spatial	
model	digitalization,	 the	precision	of	which	is	
influenced	 by	 some	 of	 the	 following	 param-
eters:	mode	of	collection	of	scanned	data,	type	
of	camera	for	optical	scanning,	clinical	param-


































Tabela 1. Izmerene vrednosti marginalnog zjapa (µm) 























1.	point 109,42+49,10 57,16+32,86 35,45+14,54 143,13+79,51 			p=0,000
¶
2.	tačka
2.	point 104,14+35,92 55,48+32,68 35,39+14,88 142,33+81,47 p=0,000
¶
3.	tačka
3.	point 112,49+52,10 50,45+32,97 37,38+19,33 135,55+84,44 p=0,000
¶
4.	tačka
4.	point 109,17+40,25 48,21+32,85 35,74+19,08 118,63+61,62 p=0,000
¶
5.	tačka
5.	point 103,32+37,41 49,29+43,39 30,81+17,86 126,53+59,18 p=0,000
¶
6.	tačka
6.	point 105,23+47,46 55,27+46,71 26,25+10,98 128,22+63,14 p=0,000
¶
7.	tačka
7.	point 106,19+38,94 52,76+35,97 27,15+9,58 127,85+69,41 p=0,000
¶
8.	tačka
8.	point 91,29+28,55 52,85+40,87 29,22+17,72 135,39+63,76 p=0,001
¶
9.	tačka
9.	point 87,53+23,83 44,13+34,88 30,31+15,67 141,95+69,06 p=0,000
¶
10.	tačka




103,75+42,62 42,35+21,23 29,38+11,93 130,87+31,03 p=0,000¶
12.	tačaka
12.	point
102,63+47,20 47,69+21,82 31,67+12,91 134,87+37,75 p=0,000¶
Prosek 
Average	value
102,58+31,23 50,27+31,50 31,64+9,45 132,92+53,21 p=0,000¶
*Jednofaktorska	analiza	varijanse;	¶Statistički	značajna	razlika
*Monofactorial	analysis	of	variance;	¶Statistically	significant	difference























Thus	we	 can	 state	 that	 the	 therapist’s	 skill	 of	
powder	application	significantly	influences	the	
precision	of	scanned	data.	
Tabela 2. Prosečna vrednosti marginalnog zjapa u µm
Table 2. Average value of marginal gap in µm
grup
groups X Med SD min max 95%CI
KT 102,58 96,40 31,23 68,50 132,67 85,29-119,88
KI 50,27 39,80 31,50 23,83 132,67 32,83-67,72
KE 31,64 33,54 9,45 17,10 55,32 26,41-36,87






Tabela 3. Rezultati međugrupnog poređenja  


























da	 kompenzuje	 primena	 ekstraoralnih	metoda	
skeniranja.	Primena	ekstraoralnih	metoda	zah-
teva	konvencionalno	otiskivanje	i	izradu	radnih	
modela.	 Ove	 postupke	 prate	 problemi	 vezani	
za	trodimenzionalne	promene	i	dimenzionalnu	
stabilnost	stomatoloških	materijala.16
	 Rezultati	 nekih	 istraživanja	 pokazuju	 da	
odabrani	postupci	digitalizacije	na	različite	na-
čine	 utiču	 na	 preciznost	 i	 da	 je	 najvaća	 devi-
jacija	skeniranih	podataka	u	zonama	zuba	koje	
naglo	menjaju	zakrivljenost,	što	se	odnosi	i	na	
demarkaciju. U	proseku,	 ukupna	odstupanja	 u	
preciznosti	između	modela	i	gotove	nadoknade	




na	 izrađenih	 primenom	 tehnike	 ekstraoralnog	
površinskog	 skeniranja	 pokazuju	 najviši	 nivo	
preciznosti	 (31,64+9,45µ).	 Ovakav	 rezultat	 je	
mogući	indirektni	pokazatelj	stepena	precizno-
sti	 samog	 metoda	 skeniranja.	 Rezultati	 nekih	
in vitro	 istraživanja	 prikazuju	 veću	preciznost	
fiksnih	nadoknada	izrađenih	primenom	ekstra-
oralnih	metoda	 skeniranja	 u	 poređenju	 sa	 na-
doknadama	 izrađenim	 primenom	 intraoralnih	
metoda	skeniranja	Cerec®3D	sistema.	Kao	mo-
guće	 razloge	 za	ovakvu	 razliku	 autori	 navode	
različitu	metodologiju	postupaka	digitalizacije	
modela	 kao	 i	 činjenicu	 da	 su	 dimenzionalne	
promene	otisnih	materijala	u	kliničkim	uslovi-
ma	znatno	veće	od	dimenzionalnih	promena	u	
in vitro	 uslovima.19	 Između	kruna	 koje	 su	 iz-
rađene	primenom	 intraoralnog	 i	 ekstraoralnog	
optičkog	površinskog	skeniranja	nije	postojala	





razlika	 u	 vrednostima	 rubnog	 zaptivanja	 iz-











Errors	which	 are	 the	 result	 of	 the	 conven-





traoral	 scanning	 methods.	 The	 application	 of	
extraoral	methods	requires	a	conventional	 im-
pression	and	making	of	working	models.	These	















surface	 scanning	 technique	 have	 the	 lowest	
value	 of	 marginal	 adaptation	 (31,64+9,45µ).	
Such	a	result	is	an	indirect	indicator	of	the	pre-
cision	 degree	 of	 the	 scanning	 method	 itself.	





sons	 for	 such	a	difference,	 the	 authors	 state	 a	
different	methodology	 of	model	 digitalization	
procedures,	as	well	as	the	fact	that	dimension-
al	 changes	 of	 impression	materials	 in	 clinical	
conditions	are	considerable	bigger	than	dimen-
sional	changes		in vitro	conditions.19	Between	
crowns	 made	 by	 application	 of	 intraoral	 and	
extraoral	optical	surface	scanning,	there	was	no	






between	 crowns	 made	 by	 the	 point	 scanning	
technique	and	the	control	group		shows	that	the	
total	error	which	occurs	 in	 the	point	 scanning	
procedure	 does	 not	 significantly	 differ	 from	
the	total	error	of	the	conventional	technique	of	
making.
Practical	experiences	 show	 that	 it	 is	desir-
able	 that	during	 the	procedure	of	 spatial	digi-
talization	the	scanner	and	the	model	are	at	rest,	








Prisusutvo	 statistički	 značajne	 razlike	 iz-
među	 izmerenih	 vrednosti	 rubnog	 zaptivanja	
u	 grupama	 kruna	 izrađenih	 primenom	 intra-
oralnog	 optičkog	 skeniranje	 i	 kruna	 izrađenih	




nom	 izrade.	 Razlog	 za	 ovakve	 rezultate	 treba	






tih	 metoda	 skeniranja	 Cerec®3D	 CAD/CAM	
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scanner	 requires	 that	 the	model	moves,	which	
can	 influence	 the	precision	of	 scanned	data.20 
The	 results	 of	 this	 experiment	 show	 that	 the	
technique	 of	 extraoral	 point	 scanning	 has	 the	




adaptation	 of	 restorations	 made	 by	 applica-
tion	 of	 intraoral	 optical	 scanning	 and	 restora-












CAD/CAM	 system.	 The	 crowns	 made	 by	
intraoral	and	extraoral	optical	surface	scanning	
methods	 of	 Cerec®3D	 system	 have	 high	 and	
clinically	acceptable	level	of	accuracy.
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